This paper analyzes the "surprise effect" of some macroeconomic indicators on the US and Germany stock indexes options implied volatility, by means of a VAR model and IRFs between the two volatility indexes. Results show a significant influence of some specific macroeconomic "surprise effects" so that the US volatility has a positive influence on the German one, but not vice versa. With reference to the first considered period, January 2008-May 2012, characterized by higher volatility, the German market analysis shows a direct link between the "surprise effect" of the IFO Business Climate Index and the VDAX-NEW index changes. As regard the second time period (June 2012-December 2014), characterized by lower volatility, the significant macro "surprise effects" are related to the industrial sector (US Retail Sales, German Producer Price) and the job market (US Non-Farm Payroll). These results on the linkages between the macro "surprise effects" and the volatility indexes can be useful for implementing more effective short-term speculative and hedging strategies, based on the "surprise effect" direction and his link with the volatility index.
Introduction
Several researches have studied the possible relation between some macroeconomic variables and the pricing dynamic of some instruments listed on financial markets. Mapping these linkages can be of great importance for a better prediction and anticipation of the future market evolution, and in supporting opera- Unlike traditional studies, which focus on the influence between the domestic "macro surprise effects" and the volatility dynamic of their own markets, the first focus of this paper is on the possible links between the US volatility index and the German one. In fact, some previous studies (see e.g. [1] [2] [3] [4] and [5] ) evidenced that the US economy have a significant influence on the worldwide economic trends, which keeps the operators' attention on the major US macro news.
So we firstly analyzed the linkages between the two volatility indexes, by means of a vector autoregressive model (VAR), for testing for any connections between the volatility indexes, and for evaluating the possible links between these indexes and the foreign surprise effects. In this way, the German volatility dynamic was examined with reference to both the domestic "surprise effects" and the influence of the US volatility index, showing that the VIX index actually influences the VDAX-NEW index.
A second analysis is performed by means of two specifically designed equations, based on the previous results, and tested on two time periods characterized by high and low volatility, The reminder of the paper is organized as it follows: Section 2 is devoted to the related literature, Section 3 describes the dataset, Section 4 presents the preliminary analysis and the econometric approach, Section 5 reports the empirical results and Section 6 concludes.
Literature Review
A large part of the literature has focused on the influence that "planned" news have on the dynamics of the stock markets. These studies can be split in two main research streams. The studies belonging to the first research stream are based on historical volatilities, or functions of past returns, as financial market uncertainty measures. Among these, the most significant are:
• [6] , which examines the relation between the stock returns volatility and the level of economic activity. The analysis is carried out for the time period 1857-1987, using monthly estimates of returns standard deviation of the Standard & Poor's and the Dow Jones. The author shows how the stock market volatility is linked to the general state of the economy and how it tends to rise during recessions;
• [7] examines the effects of monetary policy announcements on the stock market volatility. The study is carried out for the time period June 1989 -December 1998. The author examines the FOMC (Federal Open Market Committee) announcements, related to deposits interest rates, and the daily returns volatility of the S&P500, estimated through a GARCH model. Its results show that the macro surprise effects tend to grow the stock market volatility. Specifically, an higher than expected interest rate increase (positive surprise), has a greater effect on the volatility than a lower decrease (negative surprise);
• [4] focus on the stock markets integration. The authors studied the equity indexes of 35 countries, divided into six different groups, from July 1995 to March 2002, through a GARCH model. They obtained volatility dynamic estimate is then analyzed with reference to some US macroeconomic indicators. Results show how the financial markets integration is due to the US macro bulletins, and how both the US and the foreign investors are interested in the US economic situation because of its leading role on the worldwide economy;
• [8] examine the impact of domestic and foreign macroeconomic news announcements on the Istanbul Stock Exchange in the period 2002-2010. They found that foreign announcements don't have a significant effect, whereas domestic announcements induce higher volatility in the market.
The second research stream uses the options implied volatility indexes as a financial market uncertainty measure. The implied volatility is in fact a measure of the stock market uncertainty due to the market's expectation on the average volatility of returns until the option expiration date (see [9] ). These indexes can help in overcoming some problems in the returns volatility estimation methodologies. They also give us the chance to invest on them, through various types of financial derivatives instruments. Among these studies the most 
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The analysis is performed with reference to the US implied volatility (VIX) index, the German implied volatility (VDAX-NEW) index and the macroeconom- As suggested by [7] and [11] . 2 As the macro news are released on different days of the month, their impact can be captured using monthly data of the volatility indexes. Assuming the news occur during the life of the option, following Merton (1973) the average volatility until the option expiration date can be expressed as the average of the stock returns variances on the normal trading days and the news release days:
indicators, widely used in the past literature, refer to performances that have already occurred, but able to synthesize the business cycle dynamics, as they include information concerning the economic growth and inflation.
The "surprise effect" here considered refers to the news bringing new information, so to the cases when some index report a value which is different from the market consensus, derived from the previous information. It can thus be formally defined as the difference 3 between the released announcement and the market expectations for each macro indicator, as it follows:
Surprise Effect Realized Value Expected value = −
As regards to volatility indexes, we consider the VIX index 4 and the VDAX- The surprise effect is considered as positive if the released value is higher than the market expectations, while a negative surprise effect refers to cases where the released value is lower than the market expectations. 4 The VIX Index is listed by the CBOE (Chicago Board Options Exchange) and it was developed in cooperation with Goldman Sachs. The index forecasts the expected volatility through a prices weighted average of out-of-the-money call and put options, which contain information about the volatility smirk. 5 The first period high volatility is due to trigger factors related to the markets and the macroeconomic background. These are missing in the second period.
As in [1] we thus performed our analysis separately for the two time periods, namely from January 2008 to May 2012, and from June 2012 to December 2014, which resulted in 52 observations for the first interval and 31 observations for the second one.
Preliminary Analysis and Econometric Approach
As a preliminary test, before analyzing the macro "surprise effects" on the considered volatility indexes, we, firstly verified if the two indexes are connected between them, which would signal the influence of the national "surprise effects"
on the foreign volatility. In fact, the correlation index between the VIX and the VDAX-NEW, resulted to be really high, of about 0.957.
As a second step, we analyzed the links between the two indexes changes and their lags, by means of a Vector Autoregressive VAR model 6 . After verifying the hypothesis of non-stationarity 7 of the considered time-series, by means of the ADF test (Augmented Dickey-Fuller), we performed some tests to identify the lags optimal number 8 to be included in the VAR model. Table 2 reports in the first column the considered lags; the second, third and fifth columns respectively, the log-likelihood function values, the log-likelihood ratio, and the LR Test In the VAR models, each variable is explained as the evolution of its lags and the lags of the other model variables. A time-series t Y is stationary if its joint probability distribution does not change when shifted in time. The null hypothesis is that a unit root is present in the time-series. The alternative hypothesis is that the time-series is stationary. 8 The choice of the autoregression order allows balancing the benefit to include a higher number of lags with the cost of an increased estimate uncertainty. 9 The LR test compares the goodness of fit of two models, one p order model and a 1 p − order model. The null hypothesis is that all the p lags are equal to zero. This test starts from the model with the highest lags number, going on with the lower lags up to the rejection of the null hypothesis, this determining the best fitting lags number for the VAR model. lagged values seem to be significant for the VIX dynamic. In the second section, the VDAX-NEW changes are examined in relation to their two lagged values and the two lagged values of the VIX changes. Results show two significant results: the first one refers to the negative relationship between the VDAX-NEW variation at time t − 2 and the VDAX-NEW variation at time t; the second, even more significant for the purposes of this study, is the positive relationship between the VIX variation at time t − 1 and the VDAX-NEW variation at time t.
In order to identify a causality relationship between the two indexes, so, to determine whether the past values of one index is effective in forecasting the other, a Granger causality Test 11 was performed (see Table 4 ). The results in Table 4 show that in no case the p-value is great enough to reject the null hypothesis, so no index is useful to predict the other one.
Anyway, the joint consideration of the VAR model and the Granger causality test results suggest the existence of a linkage between the VIX at time t − 1 and VDAX-NEW at time t, even if no predictive power of one index on the other one is proofed.
As a last step of this first part of the analysis, we tested for the two indexes 11 A variable X is said to Granger-cause Y if its lagged values have some predictive power on the future values of Y. The null hypothesis is that the lagged values of X have not a predicting power for Y; the alternative hypothesis is that there is a Granger-causality. 12 The Wald Test verify, through F-statistic, if some or all the lagged values of a variable are jointly equal to zero. linkages, by means of the Impulse Response Functions (IRF). These functions allow us to observe, for a specific time period (x-axis), the effect that a one standard deviation shock on one index produces on the other index (in % on the vertical axis). After checking for the base hypotheses (uncorrelated and white noise error terms), we computed the Impulse Responses Functions between ΔVIX and ΔVDAX-NEW (Figure 2 and Figure 3 ).
As Figure 2 shows, the shock on the German volatility index causes no significant reactions on the US volatility index.
On the other hand, Figure 3 shows that a US volatility index shock causes a significant reaction on the German volatility index.
The VAR model results, the graphical analysis of the IRFs and the past literature 13 support the hypothesis that the German volatility dynamic could be influenced by the US volatility dynamic.
Starting from these results, in the second part of this study we examined the possible links between the macro "surprise effects" and the volatility indexes, by means of the following equations: The inclusion of VIX t ∆ in Equation (2) allows the explicit consideration of the influence that the US volatility has on the German one, as seen in the pre-estimation analysis.
In order to correctly specify the econometric models, we tested the hypothesis of non-stationary of the time-series, by means of the ADF test, for the two considered sub-periods 14 , and used the first differences, in order to make them stationary, for the time-series presenting a unit root, I(1).
Empirical Evidence of "Surprise Effects" on Implied Volatility
This section presents the empirical results of the econometric estimations on each of the two time periods, January 2008-May 2012 (Table 5 and Table 6 ) and June 2012-December 2014 (Table 7 and Table 8 ). The tables report for each "macro surprise effects", the regression coefficients, and its t-statistics and p-value. For each regression we also reported the F-statistic, its corresponding p-value (Prob > F) and the R 2 coefficient. Table 6 presents the results of the joint and the marginal significance of Equation (1) for the first time period, which checks for any relationship between the "surprise effects" of the US indicators and its domestic market variability, measured by the VIX index changes. The ADF Test results for the first sub-period, show that the US GDP, the German GDP and the IFO Business Climate Index are non-stationary; for the second sub-period, the US GDP and the German GDP are non-stationary. Results (t-statistics and p-values) show that no macro "surprise effect" of the US indicators has a significant influence on its domestic VIX index dynamics.
The F-statistic value and the corresponding p-value do not allow rejecting the null hypothesis for the whole regression. This evidence and the low value of the R 2 show the inability of the macro indicators to explain the volatility changes.
These findings are not surprising, as in that time period the markets ongoing was deeply influenced by the financial crisis, and the economic variables only had a minor influence on it. Table 6 presents the results of the joint and the marginal significance of Equation (2) for the first time period, so checking for any relationship between the "surprise effects" of the German indicators and its domestic variability, meas-
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Also ΔVIX coefficient is significant. As previously seen, the inclusion of ΔVIX allow considering the influence that this index has on ΔVDAX-NEW. ured by the VDAX-NEW index changes.
The "surprise effect" of the IFO Business Climate Index 16 is the only significant variable, but at a 99% confidence level. This suggests a direct 17 link between the IFO surprise effect and the VDAX-NEW index dynamic. Also, the F-statistic value and its p-value allow rejecting the null hypothesis that all regression coefficients are zero, and the R 2 value of 0.85 gives evidence to the importance of this effect. Table 7 Unlike the results of equation (1) for the first time period, the null hypothesis is rejected, and the R 2 value reports that the model explains nearly half of the variations. Table 8 presents the results of the joint and the marginal significance of Equation (2) for the second time period, checking for any relationship between the "surprise effects" of the German indicators and the VDAX-NEW index changes. The coefficient sign represents the link between the surprise effect and the volatility index changes. A direct link (positive sign) means that a positive or negative "surprise effect" influences positively or negatively the volatility changes. The estimation results show that the "surprise effect" of the Producer Price
Index is the only significant variable, with a 99% confidence level, with a negative value declaring an inverse link between the Producer Price surprise effect and the VDAX-NEW index dynamic. Here also, the null hypothesis is rejected, and the R 2 value of 0.76, proof an important explanatory power of the model.
Conclusions and Remarks
This study analyzed the possible links between the "surprise effect" of some ma- The empirical findings and a careful analysis of the possible "surprise effect" coefficients can actually support the market operators to take timely positions (long or short) on the derivatives markets, based on the expected volatility dynamic, using specific derivatives instruments (especially options) on the VIX and VDAX-NEW indexes, for improving the investment and hedging strategies.
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See supra note 15.
Evidently, the different news, more and more frequent and incomplete, needs a careful analysis, because its fragmentation increases the market uncertainty.
But even if this kind of news, in fact, when not completed by other information, does not allow having an overall and rational picture of the actual economic framework, nonetheless can be an important information source when used for short-term speculative or hedging purposes.
These results also suggest some possible extensions. The actual European economic context, characterized by the Governments' instability, possibly due to their intense political calendars, and inducing financial markets' uncertainty, has enhanced the leadership of Germany within the Eurozone. Thus, it would be interesting to extend the same research approach to test for the actual role of Germany with reference to the other Eurozone countries, and to verify if the same effects on the other countries are mainly related to Germany, to the US, or to other countries' determinants.
